Abstract: Because traditional obstacle avoidance path planning methods have a lot of problems, such as large amount of calculation, low efficiency, poor optimization capability, and lack of dealing with dynamic obstacles, a new method which implements real-time path planning of mobile robot is presented. The method builds a neural network model for the robot workspace, and then it uses the model to obtain the relationship between the dynamic obstacles and the network output. It can choose the local optimal collision-free path by the path planning in a dynamic environment (PPIDE) algorithm to find the path between two points for dealing with obstacles. The proposed method is suitable for dynamic environment where both linear and planar obstacles exist. Simulation results prove its effectiveness.
INTRODUCTION
A path planning method for mobile robots is to generate an optimal or near-optimal collision-free path between an initial location and the desired destination with specific constraint conditions [1] [2] [3] . Path planning method can be utilized to system simulation, urban traffic, and urban planning & design [4, 5] . According to mobile robots under the space environment of work proficiency information can be divided into two types: known environmental information for global planning and environmental information completely unknown or partially unknown cases of local planning. There exist a number of specific kinds of methods for global path planning, such as visibility graph methods [6] , grid method [7] , free-space method [8] . Simultaneously there are methods for local path planning, including neural networks [9] , artificial potential field method [10] , and fuzzy logic algorithm [11] . Because of the ambiguity of the actual situation of workspace and the practical demand of time and spatial characteristics of algorithm, the researches on local path planning are more than global path planning. Under intensive dynamic obstacle environment, there is a lack of effective methods to consider the control deviation of the moving process of robots for path planning.
The neural network is an arithmetic model, which imitates the behavior characteristic of the animal neural network. As a highly parallel distributed system, it offers the possibility to solve the problem of high real-time robot system. Therefore, artificial neural network model of complex dynamic environment has been widely used [12] [13] [14] [15] [16] [17] [18] .
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In this paper, we present the method of mobile robot path planning in dynamic environment. The static search of algorithm for path planning was firstly proposed to obtain an optimal collision-free path from the beginning to the end point. Artificial neural network is employed to describe the relationship between the dynamic obstacles and the network output. And the searching algorithm for path planning has been revised to solve the local optimal path of the current round. Compared with the traditional path planning algorithm, simulation results show that the path planning in dynamic environment (PPIDE) is more practical and efficient.
PATH PLANNING ALGORITHM BASED ON NEU-RAL NETWORK

Description of the Workspace
First, this paper proposes the following suppositions to the workspace:
• The robot moves in the two-dimensional bounded space, which will not surpass the boundary.
•
The robot itself can be abstracted as a particle, and the particle is the geometric center of the robot.
Limited obstacles, including linear obstacles and planar obstacles, are assigned in the workspace randomly.
Obstacles random motion in the workspace, but do not change their shape.
The robot moves with constant speed, and has good brakes.
• Movement trajectory of the obstacles can be described by the continuous function, which is advantageous for the comparison of the real value and predicted value.
Based on the above suppositious, the workspace of the robot can be set as shown in Fig. (1) . The robot works in a finite two-dimensional space, which is indicated with the O xy coordinate system. Point p represents the starting point of the robot, and point q represents the end point of the robot. In the figure, black shaded area o i represents the i-th obstacle to the positive direction of the x-axis. o i,j expresses the j-th vertex of the i-th obstacle.
Static Search Algorithm for Path Planning
In Fig. (1) as described in the robot workspace, all the obstacles have been vectorized line or polygons. Each obstacle keeps still in the static space. As a result of the robot to the overall situation environment understanding, the best collision-free path from beginning p to end point q can be achieved. For the convenient expression on the searching algorithm, the relevant symbols are defined as follows: Assume that abscissa of p is not greater than q. L denotes the set of linear obstacles, and S denotes the set of planar obstacles. path1 and path2 respectively are the obstacle paths of the left and right side of pq ; p 1 and p 2 denote the starting points of the paths that will be added to the path1 and path2 separately; Similarly, q 1 and q 2 denote the end points of the paths that will be added to the path1 and path2 separately. Function reach(p, q) is to judge whether point p and q are directly reachable, and dis(p, q) is the Euclidean distance between point p and q.
The search algorithm shows as follows: Algorithm 1: Search algorithm for path planning 
; Go 43. 47: Compare the length of path1 and path2, and choose the shorter one.
48: End if
Prediction Model Based on Back-propagation (BP) Neural Network
Since the movements of obstacles are mutually independent in a dynamic environment, the movement trend of obstacle should be predicted in path planning. The position data of the previous moments and the next moment to be predicted are taken as input and the position data of the next moment by mathematical dynamic models as output. Prediction model only emphasizes input and output, which has no structural limits on specific mathematical models. For the whole work space and obstacles are studied as a macroscopic system in the process of path planning, it is difficult to get accurate mathematical model for each obstacle for multi-step prediction.
The neural network can carry on study and training to the system data approaching the real system, without knowing the internal structure of the real system. BP neural network can learn and store large amounts of input-output model mapping, which does not need to know mathematical equation to describe this kind of mapping relations in advance. Due to the following advantages, such as massively parallel processing, self-organizing, self-learning, BP neural network model is used to predict the location of obstacles in this paper. The prediction model based on BP neural network is represented in Fig. (2) .
Path Planning in Dynamic Environment (PPIDE) Algorithm
This paper presents a dynamic environment of path planning algorithm. The algorithm first uses neural network to predict the position of obstacles in the next turn, followed by the searching algorithm for path planning to determine the local optimal path of the current round, and finally update the actual location of obstacles through the robot's sensors. An optimal collision-free path from the beginning to the end in a dynamic environment can be achieved by the iterations. The diagram of the algorithm, denoted PPIDE algorithm, is shown in Fig. (3) .
Search algorithm for path planning needs to be revised to solve the local optimal path of the current round. U = (x U , y U ) denotes point U in the workspace, where x U and y U respectively are the abscissa and ordinate. v 0 represents the moving speed of a robot. Let t 0 be the time interval for each round. Let U, V represent the position which the robot reaches with the movement in the direction of 1 1 PQ and 2 2 P Q after one round. Let the angle between the positive x-axis and 1 1 PQ be 1 , the angle between the positive x-axis and P 2 Q 2 be 2 .
The coordinates of point U and point V can be expressed as follows:
, where U = (x U , y U ), 
EXPERIMENTAL RESULTS
The actual movement of the state transition and path planning process is shown in Fig. (4) , where only four representative intermediate states are selected. Solid line with nodes represents the currently selected path. Dotted lines represent different moments, in which the last one is the current time, and the interval between the two dotted lines represents the 5s time-gap. The dotted line polygon and dotted represents the position of the line linear obstacles and planar obstacles in the previous state time respectively, and the solid shadow part is the current position of obstacle.
Radial Basis Functions (RBF) neural network a class of widely used neural networks (Fig. 5) . To compare the performance of BP neural network and RBF neural network, the continuous function is used to describe the obstacle path in movement. Uniform rectilinear motion X 1 = x 0 + vt (x 0 = 0.3, v = 0.6), uniformly decelerated linear motion Since there is a stable relationship between the horizontal and vertical coordinates, the simulation to two kinds of movement x-coordinates should be conducted to obtain the predicted value of abscissa and ordinate as shown in Table 1 and Table 2 . As can be seen by comparing Table 1 and  Table 2 , the error between neural network predictive value and the true value of RBF neural network is bigger than BP neural network. order. Therefore it can be recognized that this model converges rapidly. The simulation results show that the performance of the model is good. But it simultaneously indicates that achieving good results requires training sample as much as possible. For workspace it reduces the time scale for each round, which makes robotic perception greatly increase the speed of samples collection.
A* algorithm is an efficient heuristic search method for path planning, and will therefore be compared with the PPIDE algorithm. To verify the correctness and validity of the algorithm, this paper conducts simulation experiments using Matlab 2012b and Visual C++ 6.0. R represents the ratio of the length of an optimized collision-free path and the length of the straight distance between p and q. Assume that the robot makes uniform motion with the 3M/s speed. And obstacle set including linear obstacles and planar obstacles is generated randomly. With a mean value of 500 random simulations to compare their performances, experimental results are shown in Table 3 . Experimental results show the efficiency of the path planning algorithm based on BP neural network in a dynamic environment.
CONCLUSION
This paper presents a mobile robot path planning method based on artificial neural networks and a search algorithm for path planning in a dynamic environment. Compared with the traditional path planning algorithm, it solves the problems of traditional obstacle avoidance path planning method for computer-intensive, low efficiency and optimizing capacity and unable to cope with dynamic issues such as obstacles. By comparative analysis of BP neural network and RBF neural network, simulation results show that neural network model accurately predicts the movements of the dynamic obstacles, and it converges rapidly. Local optimization strategy based on searching algorithm also achieves good results that the optimum collision-free path can be obtained. The next step will be to consider the volume of the robot, so that the robot denoted by the particle would be extended to a convex polygon case. Meanwhile, further research about the mode of motion of obstacles would be conducted.
